Considering the nutritional values, breadstuff plays a big part in covering human nourishment needs and constitutes a base of all day diet. Moreover, bread is an excellent source of numerous vitamins and minerals the abundance of which depends on the degree of grinding. Thus, it seems to be very important to know the composition and level of bio-elements. That is why the main target of this study was to evaluate the concentration of selected trace elements: chromium (Cr), nickel (Ni), iron (Fe) and manganese (Mn) in wheat grain, wheat bran, different wheat and rye flour types and variety of breadstuff also with addition of grains and seeds from different bakeries and mills. Another task was to analyze if the technological process has an influence on secondary despoil of bread goods with heavy metal elements. The analyzed trace elements were measured with a precise and accurate atomic absorption spectrophotometric method (AAS) and the results were expressed in mg/kg of selected sample. Obtained results show that bread and grain products are a good source of trace elements like chromium, nickel, iron and manganese. However, the higher levels of chromium and nickel in bread goods could rather be an effect of impurity caused by a technological process in mill and bakeries.
INTRODUCTION
The actual healthy diet is based on natural goods like grains and their products. Grain products like breadstuff comprise about 80% of adult's daily diet in Poland. Estimations show that a statistical Pole consumes about 4.46 kg of bread each month and prefers rather white bread [4, 14] .
It is assumed that the grain products should cover daily human need on energy in 50%, proteins in 35%, calcium in 25%, iron in 50% and vitamin B in 40%. Considering the nutrient values breadstuff plays a big role in covering human nourishment needs and constitutes a base of all day diet. Moreover, bread is an excellent source of numerous vitamins and minerals the abundance of which depends on the degree of grinding. Thus, it seems to be very important to know the composition and level of bio-elements [2, 5, 6] .
Evaluation of chromium, nickel, iron and manganese content in wheat, flour, bran and selected baked products
According to the present expectations of society, bakeries enhance the production of a variety of bread goods enriched with natural additives like grains and seeds, which have significant nourishing influence and also because of losses in nutrients occurring in the process of grinding [11] .
Cereal products including breadstuff and bread are not free from the impurities. Such substances like trace elements are controversial because their trivalent forms are necessary for a proper functioning of the organism. On the other hand, such compounds in high levels are toxic and carcinogenic. In industry, bio-elements are popular, therefore their pollutes in soil and water, following accumulates in plant tissues and present in abnormal values could be hazardous for human health in a significant way. Thus, while analyzing the level of food impurity it should be taken into account that the additional substances like trace elements could result from the natural chemical content of food as well as from the environmental pollution with the specific elements [12, 13] .
The main target of this study was to evaluate the concentration of selected trace elements: chromium (Cr), nickel (Ni), iron (Fe) and manganese (Mn) in wheat grain, wheat Current Issues in Pharmacy and Medical Sciences bran, different wheat and rye flour types and variety of breadstuff also with addition of grains and seeds.
Another aim of this study was to show the relationship between the level of heavy metals in samples and the type of bakery; thus, the samples were taken from three places: "Kolstar" bakery in Lublin, "Marysin" bakery in Marysin and mill in Dys near Lublin.
The last task was to analyze if the technological process has an influence on secondary despoil of bread goods with heavy metal elements.
MATERIAL AND METHODS
The studied material comprised: 1. For the analysis, we collected 2-4 pieces of each bread goods for making an average sample. Twenty-grams parallel samples in a number 5-10 were weighed out from the average sample and used for the instrumental analysis. Samples were dried and burnt to ash in a muffle furnace in 450°C. The standard solutions were prepared from the named solutions:
• chromium standard -Chrom -Standardlösung, CrCl 3 in verd. Salzsäure, by Merck, containing 1g ± 0. Merck, containing 1 g ± 0.002 g Mn in 1 dm 3 of solution. From the given standard solution, the working solutions were prepared containing 1 µg of nickel, chromium, iron and manganese in cm 3 . Having made the standard calibration curves, we measured absorbance of chromium, nickel, iron and manganese in spectrophotometer Pye Unicam Sp -192 or Solaar M5.
The chromium, nickel, iron and manganese concentrations were measured with a precise and accurate atomic absorption spectrophotometric method (AAS) and the results were expressed in mg/kg.
The obtained results were statistically analyzed. Arithmetic mean values and standard deviation (SD) were calculated with the use of STATISTICA 6.0 software.
RESULTS AND DISCUSSION
The content of chromium, nickel, iron and manganese in flour, wheat and bran derived from the same mill in Dys is reported in Table 1 . The flour and bran obtained from homogenous wheat grain were analyzed to find out how the trace elements were spread in grain. The highest concentrations of chromium (0.197 mg Cr/kg), nickel (0.292 mg Ni/kg), iron (53.89 mg Fe/kg) and manganese (48.00 mg Mn/kg) were observed in bran. The level of chromium was about twice-and nickel about four-times higher in bran than flour. The iron and manganese are spread in the external layer of grain thus the concentration of iron was five-times and manganese eight-times higher in bran than flour (Table 1) . In Table 2 , the concentrations of analyzed trace elements in rye flour were reported. The levels of chromium and nickel were the lowest in rye flour type 720 from Marysin The content of Cr in wheat flour (Table 3) The overall content of iron and manganese in wheat and rye flour was very similar, which correlated with the grinding. Obtained levels of chromium and nickel in rye and wheat flour were in agreement with foreign authors [3, 7, 15] and lower in comparison to domestic results from 2005 and 2007 year [9, 10] . Table 4 shows the content of Cr, Ni, Fe and Mn in rye bread. The mean concentration of chromium equaled from 0.122 mg/kg (rye bread) to 0.237 mg/kg (grain bread) and was similar to its content in the rye flour. Nickel levels were also the lowest in rye bread (0.073 mg/kg) but the highest in mixed whole meal rye bread with grains (0.205 mg/kg), which was also comparable to Ni content in rye flour. The level of iron and manganese was the lowest in grain bread from Marysin: 15.80 mg Fe/kg and 8.31 mg Mn/kg respectively and the highest in mixed whole meal rye bread with grains from Lublin (21.72 mg Fe/kg and 12.11 mg Mn/kg). Wheat bread (Table 5 ) was rich in chromium at the lowest value of 0.108 mg/kg in pastoral bread and 0.316 mg/ kg in graham bread with spelt wheat. Nickel was observed in the same wheat bread ranging from 0.122 mg/kg (Manufacture's sliced bread) to 0.297 mg/kg in "Gwarek" bread. The content of Cr and Ni in wheat bread was similar to the level of these elements in wheat flour. Higher concentrations of named trace elements were observed in the bread with addition of extra grains, like spelt wheat or sunflower seed.
It is a result of higher content of chromium and nickel in those additives. Obtained results of chromium and nickel content in wheat and rye bread were similar to international [3, 7, 15] and domestic [9, 10] authors. Similarly to chromium, the pastoral bread from Marysin was the least rich in iron and manganese (8.82 mg Fe/kg and 3.11 mg Mn/kg) while "Gwarek" bread had the highest level of iron (22.27 mg/kg). The sunflower seed bread was the richest in manganese (11.99 mg/kg). Levels of Fe and Mn were much lower in bread than the flour from which they were baked. Additionally, wheat bread stuff had similar iron content to wheat bread (16.67 mg Fe/kg, Table 6 and 17.07 mg Fe/kg, Table 5 respectively). Taking into account a large amount of water in bread comparing flour from which they were obtained it could be suggested that similar Cr and Ni contents in bread and flour point out to contamination of bread by these trace elements during their production. Other authors [1] also observed this phenomenon.
In wheat bread stuff (Table 6 ) mean chromium and nickel concentrations were 0.166 mg/kg, and 0.156 mg/kg respectively. These levels were a little bit smaller than in wheat bread and similar to the content of elements in the flour, which indicates that chromium and nickel in breadstuff could be an effect of impureness during technological Current Issues in Pharmacy and Medical Sciences process of their production. Similar observations were reported by Brügemann [3] and Alomary [1] .
Relatively high contents of analyzed elements were observed in ready-prepared mixture "Gwarek" used for baking of "Gwarek" bread , which contained 0.312 mg Cr/kg, 0.570 mg Ni/kg and 45.66 mg Fe/kg (Tab. 7). While comparing all samples, the chromium concentration was similar in three groups of products: rye and wheat flour and breadstuff. Significantly higher level of chromium was found in "Gwarek" mixture and in graham bread with spelt wheat ( Fig. 1 and 3) . The highest concentration of nickel was observed in "Gwarek" mixture, wheat flour with high level of grinding (type 1850 and 1950) as well as in sunflower seed bread and "Gwarek" bread ( Fig. 1 and 3) . Wheat bran and rye flour showed the highest content of manganese, which correlated with the grinding. Similarly, iron content also dependent on grinding was the highest in "Gwarek" mixture, bran and rye flour ( Fig. 2 and 4) .
Our results are in agreement with the foreign researchers from Finland [15] , Germany [3] and Sweden [7] and very similar to the previous results obtained in grains and cereal goods performed in the Chair and Department of Food and Nutrition (Medical University of Lublin) in 2004 [8] and 2006 [9] . 
CONCLUSIONS
Bread and grain products are a good source of trace elements like chromium, nickel, iron and manganese. The concentrations of those elements were observed in grain products enriched in sunflower seeds, spelt wheat and wheat grains. However, the higher levels of chromium and nickel in bread goods could be also an effect of impurity caused by a technological process, which was not observed in the case of iron and manganese.
